136 Te has two valence protons and two valence neutrons outside of the 132 Sn double shell closure, providing a simple laboratory for exploring the emergence of collectivity and nucleon-nucleon interactions. Coulomb excitation of 136 Te on a titanium target was utilized to determine an extensive set of electromagnetic moments for the three lowest-lying states, including BðE2; 0
1 Þ, and gð2
The results indicate that the first-excited state, 2 þ 1 , composed of the simple 2p ⊕ 2n system, is prolate deformed, and its wave function is dominated by excited valence neutron configurations, but not to the extent previously suggested. It is demonstrated that extreme sensitivity of gð2 þ 1 Þ to the proton and neutron contributions to the wave function provides unique insight into the nature of emerging collectivity, and gð2 Atomic nuclei with two valence protons and two valence neutrons outside of double shell closures provide a simple and unique laboratory for exploring the emergence of collectivity and nucleon-nucleon interactions. Radioactive 136 Te, which possesses a robust 132 Sn core [1, 2] , is such an example. Previous measurements on neutron-rich Te isotopes around the N ¼ 82 shell closure [3] [4] [5] [6] [7] have revealed both regular and irregular features in the electromagnetic moments with respect to empirical expectations and the nuclear shell model. In particular, an initial study of 136 Te [3] observed unexpectedly low electric quadrupole collectivity, i.e., BðE2; 0 þ 1 → 2 þ 1 Þ, with respect to 132;134 Te and shell-model calculations. The small BðE2Þ value was attributed, in part, to a reduction in the pairing force. Furthermore, g-factor predictions [7] [8] [9] , which are extremely sensitive to the wave function, yield discrepant values, indicating uncertainty on the underlying structure of this simple 2p ⊕ 2n system. In this Letter, the collectivity of 136 Te is explored through the measurement of a complete set of electromagnetic moments, BðE2; 0
A radioactive ion beam of 136 Te at an energy of 410 MeV was Coulomb excited on a 1.5 mg=cm 2 titanium target. The measurement was performed at the Holifield Radioactive Ion Beam Facility (HRIBF) of Oak Ridge National Laboratory (ORNL). The experimental setup included a HPGe Clover array, CLARION [10] , a 2π CsI array, BareBall [11] , and a Bragg-Curve gas detector. Electromagnetic moments were determined by measuring cross sections and particle-γ angular correlations of excited states following Coulomb excitation, cf. Refs. [7, [12] [13] [14] [15] [16] .
The self-supported titanium target was enriched and the isotopic composition was subsequently measured by inductively coupled plasma mass spectrometry (ICP-MS), resulting in 1 Fig. 1(a) , from Coulomb-excitation data on 126 Te, which has a similar 2 þ 1 energy but a different 4 þ 1 energy. The A ¼ 136 beam contaminants can be observed in Fig. 1(b) . By changing the Doppler correction to the recoiling target nuclei, γ-ray transitions from the titanium isotopes can be observed, as shown in Fig. 1(c) .
Coulomb-excitation cross sections and particle-γ angular correlations were measured at four different recoiling target angles using rings 1 through 4 of BareBall, covering θ lab ¼ 7°-60°or θ cm ¼ 166°− 60°. A leading concern with using Coulomb excitation to extract accurate electromagnetic moments is the role of Coulomb-nuclear interference on the measured cross sections, which is destructive near the barrier [15, 17, 18] . Ti normalization for ring 1 is absent due to a lack of statistics. The Rutherford normalization for ring 4 is absent because the particle identification was not cleanly separated from the detector threshold due to the low energy of the recoiling target nuclei at the larger lab angles.
The effective BðE2Þ values provided in Table I reveal a systematic decrease in magnitude with a decreasing ring number or an increasing center of mass angle. This destructive effect could be due to Coulomb-nuclear interference or reorientation from a prolate quadrupole deformation. The possibility of Coulomb-nuclear interference was investigated by performing calculations with the quantum code PTOLEMY [20] using two different optical potentials (V is the real potential and W is the imaginary or absorption potential). The results indicate that the Coulomb-nuclear interference effect is < 3.6% for ring 1; the effect is smaller for ring 2 and negligible for rings 3 and 4. Thus, the reorientation effect can be used to determine Qð2 þ 1 Þ. Virtual excitations to higher-lying states were included in the analysis using the semiclassical Coulombexcitation code GOSIA [21] . Details of the analysis procedures, including necessary corrections, can be found in Refs. [7, [12] [13] [14] [15] [16] . The sensitivity or correlation between h0 Fig. 2 , revealing the presence of reorientation from a prolate quadrupole moment with a value of Qð2 [25] ), but the two levels have very different g factors and lifetimes. In our earlier work on shorter-lived states, calibration curves of the vacuum attenuation coefficients G k versus jgjτ were employed. It is evident from the 122;125 Te comparison, however, that G k versus g 2 τ is appropriate here. This altered dependence can be anticipated because atomic transitions during the nuclear lifetime become important for longerlived states [22, 27] . The G k values were determined from fits to the angular correlations and calibration curves constructed, from which the g factor of 136 Te was then obtained. Figure 3 shows the calibration curves for BareBall ring 3 and the result of the fit to determine g 2 τ for 136 Te. A g factor of ðþÞ0.34ð þ8 −6 Þ is then obtained using τ ¼ 27.5ð23Þ ps from the present BðE2Þ measurement. The sign ðþÞ is tentatively set by systematics and on the basis that no standard theory can predict a negative g factor of the observed magnitude.
The experimental electromagnetic moments for radioactive 136 Te are summarized in Table II and a comparison to several theoretical calculations, including the shell model (SM), Monte Carlo shell model (MCSM) [8] , generator coordinate method with the Gaussian overlap approximation (GCM-GOA) [28] , quasiparticle random phase approximation (QRPA) [9, 29] , alpha cluster (α) [30] , and new shell model (NSM) [31] , is provided. Interestingly, with only 2p ⊕ 2n outside of double-magic 132 Sn, the experimental results and several of the theoretical calculations are consistent with rotational-like B 42 =B 20 ratios and Qð2 The present shell-model calculations (SM1 and SM2) included all proton single-particle orbits in the Z ¼ 50-82 shell (π1g 7=2 ; 2d 5=2 ; 2d 3=2 ; 3s 1=2 ; 1h 11=2 ) and all neutron orbits in N ¼ 82-126 shell (ν1h 9=2 ; 2f 7=2 ; 2f 5=2 ; 3p 3=2 ; 3p 1=2 ; 1i 13=2 ). Single-particle energies were set by reference to 133 Sb and 133 Sn for protons and neutrons, respectively. The two calculations differ somewhat in the choice of interaction, effective charges, and effective M1 operator. Both, however, evaluated E2 matrix elements using standard harmonic oscillator radial wave functions, and both have been applied to 136 Te and neighboring nuclei in recent literature [32] [33] [34] [35] .
The SM1 calculation was performed with the NuShellX@MSU code [36] . As described in Refs. [32, 33] Te, and its uncertainty, is projected onto the curves (red filled). Also shown are calibration data from stable Te isotopes that define the G k curves [22] . Results for 125 Te are blue filled. Note that there is no G 4 term for I ¼ 3=2 states and that the differences in G k values for I ¼ 3=2; 2; 5=2 are small compared to the experimental uncertainty.
the interaction for the proton-proton space was based on the CD Bonn potential, and the proton-neutron and neutronneutron interactions, designated jj56pnb, were obtained from the next-to-next-to-next-to-leading-order (N 3 LO) potential. The effective charges were e p ¼ 1.5e and e n ¼ 0.5e. Adjusting e p and e n to observed E2 transitions in 134 Te and 134 Sn, respectively, results in e p ¼ 1.56e and e n ¼ 0.66e. These "optimized" effective charges increase the BðE2Þ values by roughly 28% and the Qð2 þ 1 Þ magnitude by 14%. However, the standard effective charges were adopted. The effective M1 operator applied a correction δg l ðpÞ ¼ 0.13 to the proton orbital g factor and quenched the spin g factors for both protons and neutrons to 70% of their bare values. (The tensor term was ignored.) The effective M1 operator is then similar to that of Jakob et al. [37] and in reasonable agreement with that of Brown et al. [32] . For SM2, the two-body effective interaction was derived from the CD-Bonn NN potential, renormalized by means of the V low−k approach [38] , within the framework of the perturbativeQ-box folded-diagram expansion [39] . In this case, e p ¼ 1.7e and e n ¼ 0.7e, and the single-particle matrix elements of the effective M1 operator were calculated by perturbation theory, consistent with the derivation of the effective two-body interaction.
By comparing the various calculations in Table II and Fig. 4 , the SM1 and SM2 shell-model calculations appear to best reproduce the experimental electromagnetic moments. All of the available Qð2 [8, 9] . This leaves the 2 þ 3 state as the better "mixed symmetry" candidate, as predicted by Covello et al. [40] ; more experimental data are needed to clarify this point.
The Eð2
Þ, and gð2 þ 1 Þ systematics for the radioactive Te isotopes around the N ¼ 82 shell closure are provided in Fig. 5 and compared to the present SM1 and SM2 and previous MCSM [8] and QRPA [9] calculations. The SM1 and SM2 calculations for 132 Te used nucleonnucleon interactions that were consistently derived within the procedure described above but for neutrons in the five orbits of the 50-82 shell. The SM1 and SM2 calculations consistently perform the best, particularly with respect to the g factor. More importantly, it is demonstrated that extreme sensitivity of gð2 þ 1 Þ to the proton and neutron contributions to the wave function provides unique insight into the nature of emerging collectivity, and may be utilized as a powerful tool to differentiate among various theoretical calculations. Our results are best described by the most recent state-ofthe-art shell model calculations.
